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STRUCTURE OF THE ACOUSTIC SIGNALS OF CRINIA GLAUERTI (ANURA:
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WITH THOSE OF C. SIGNIFERA FROM SOUTH AUSTRALIA
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Summary

Lamipiony, M. J. & WriGHT, J. R. (1997) Structure of the acoustic signals of Crinia glawerti (Anura;
Myobatrachidae) from south-western Australia, and comparison with thosc of C. signifera from South Australia.
Trans R. Soc. S. Aust. 121¢3), 103-117, 28 November, 1997.

Advertisement calls of 51 males of the Australian myobairachid frog, Criniu glauerti, from five sites, and 45
miiles of 1he presumed cognate species C. signifera from four sites, were analysed and compared. Patterns of
geographical variation in the advertisement calls of C. glanerti were explored and a cline was found in pulse
ritte. The structure and geographical variation in frequency of occurrence of another signal, the squelching call,
of unknown function, in the acoustic repertoire of C, glauerti, were investigated. The findings are consistent with
the earlier reports of more frequent occurrence of the squelching call in the south. Because of possible similarity
in function, the squelching call of C. glauerti was compared with the encounter call of C. signifera.

Key Worps: Crinia glauerti, Crinia signifera, advertisement call, encounter call, acoustic analyses, pulse
structure, spectral composition, geographical variation,

Introduction

The commonly produced call (= advertiserent
call, sensu Littlejohn 1977, Wells 1977) of the
endemic south-western Australian species Crinia
glauerti (Loveridge) was subjectively described by
Main (1957) as: “A prolonged rattling call.” Main
(1957) also noted; “Adjacent to Perth the call of this
species is constant and is predominantly a rattle, but
occasionally a short squelching sound is made. On
the south coast ... [away from related species], the
squelching call is far more prominent .., ” This
observation of inter-populational variation in the
calls of C. glauerti was considered by Brown &
Wilson (1956) as a possible example of character
displacement, with the squelching calls being more
frequent in the populations that were allopatric to C.
insignifera (Moore), a species which also has a
squelch-like call (see Littlejohn 1939).

Although some values were cited by Brown &
Wilson (1956) from A.R. Main (in litt., based on
anaiyses by M.J, Littlejohn), the first published
objective description, which included an oscillogram
(= wavcform) and an audiospectrogram, of the
rattling call of C. glauerti was provided by Littlejohn
(1959). This account was derived from the physical
analysis of magnetic tape recordings of the calls of
12 males obtaincd at only one locality, South Perth
(115°52' E, 31°59" S), near the northern limit of
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geographic distribution (Littlejohn unpub.), so that
there was no consideration of gcographic variation in
call structure within this species. Littlejohn (1959)
also noted “occasional call variation in the form of a
compressed series of pulscs” which may be equated
to the squelching call of Main (1957) and an
oscillogram of one of these pulse trains was
presented.

The disjunct allopatric south-castern Australian
taxon C. signifera (Girard) is presumed to be the
cognate (sister) species of C. glauerti. with which it
constitutes the signifera superspecies (Main 1957;
Main et al. 1958). The advertisement call of this
taxon is a short, rapidly repeated pulse train and the
first published objective description, and an
oscillogram, were provided by Littlejohn (1958).
Littlejohn (1959, 1961) supported the proposed
affinity of C. glauerti and C. signifera, on the basis
of the much lower pulse rates of the advertisement
calls, when compared with those in calls of the then
recognized members of the related insignifera
superspecies (Main 1957, Main et al. 1958).
Quantitative descriptions of the calls of C. signifera
were also provided by Littlcjohn (1964, 1970),
Littlejohn & Martin (1963), Hawe!, Littlejohn er al.
(1985) and Odendaal er al. (1986). Interpopulational
variation in advertiscment calls of C. signifera was
considered by Littlejohn (1959, 1964), and by
Odendaal et al. (1986). Straughan and Main (1966),
through choice playback experiments in which tape-
recorded advertisement calls of C. signifera and C.
parinsignifera (Main) were offered as alternative
stimuli, demonstrated that breeding females of C.
signifera exhibited positive phonotaxis only to the
conspecific calls. Encounter calls (sensu Wells 1977)
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(= territorial calls, Littlejohn ¢r al. 1985) of .
signifera were adentihied through field playbuack
experiments by Hawe! and Littlejohn er al. (1985).
The squelching calls of 0 glawertt may also have a
territorial function but this has yet 10 be determined.
In the absence of expenimental documentation, the
termt “squelching call™ (Main 1957) will be retained
for the compressed series of pulses.

Tape-recorded samples of advertisement calls of
S individuals were obtained at five localities across
fhe geographic range of C. glauerti (Fig, 1, Table 1)
W provide a measure of geographical variation,
Mundaring Weir (Site 1) is the type locality for C.
clawerti (Cogger et al, 1983). Squelching calls were

116° 118°

Fig. 1. Geographic disuibution (hased on Tyler e af 1994)

ol Crinta glanerti, and locitions of recording sites (see
Table 1),

Tawer 1. Dendls of recording lvalites

produced in the recorded sequences of 25 of these
individuals,  Sufficient  squelching  culls  were
abtained (o provide a preliminary description of this
type of signal for comparison with the conspecific
advertisement call, and with the encounter calls of €
signifera, and 1o allow an estimation of geographical
variation in the frequency of production relative 1o
the advertisement  call. Tape  recordings  of
advertisement calls of 45 individuals from the closest
populations of €. signifera were also obtained,
namely [rom four localitics in southern South
Australia (Fig. 2, Table 1) at or near the western
limits of the extensive geographic distribution of this
species (see maps given by Brook 1983, 1984; Tyler

330
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Fig. 2. Geographic distnbunon (hased on Brook 1984) of
Crintg signifera in South Australia and locations of
recording sites (see Table 1),

All sites sre in Western Australia Tor Crinda olaverti and in South Australia for O signifera.

Species Sne Dates of recording Locality Latitude Longitude
(South) (Last)
. elanerti 1 19, 23.vii.89 Helena River, ar base
of Mundaring Weir Tl o
2 N GRUTR (AR UTR] 21 km south-south-west
ul Busselton izesy 115"
3 RERUTHE, (U RRU TR Diamond Tree railway siding 34520° (NITR N
4 240 25.vii.86 3 ki cast of Nornalup 3459° [ TS0
S 09, 10.v1iL89 13 km east-north-east ol Albiany 34°59° ESLTS
€ vivntfera 3] P v RO 150Ny 9.3 ki south of Wanilla 34736/ |35 40°
7 03, 04.viixY Yellowman Creek, 3.6 ki
sonlh-east of Melrose 325 T3R° 13’
8 2B, 29.vii.b0) 9 km porth-north-west ol
Victor Harbour 35729" 138°36'
0 261 90 ¥4 km north-north-cast
ol Millicent 37731 140723
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1085 Clogger 1992). The description of the
encounter call (=territorial call) of ¢ signifera s
hised on accounts ol Hawe' and Littlejohn er al.
(1985, unpub.).

Materials and Methods

Recording af cally

Tape recordings were obtained at the breeding sites
tFigs 1, 2. Table 1) with an open-reel recorder (Nuagra
1V-58) aind # cardioid dynumic microphione (Beyer M
88), Males of both species ¢all from o variety of
sites: om the banks adjucent to water, while sitting in
shallow water, or while floating and suppocted by
emergent vegetation. The elfective temperatures at
the calling sites (surlace water, wet-bulb arr.
depending on the calling positon ol the Itog) were
then measured with an electronic (thermistor)
thermameter (Takora Digimult Model D611, with
seisor type SZL-64). The mean was vsed as (he
elfechive temperafure when an individoal was al the
interfuce hbetween air and water. Where possible. the
recarded males of € glauerti were collected.
cuthanased, preserved in Tyler's Gxative (Tyler
1962), stored in 70% cthanol and lodged with the
Western Ausiraliin: Museam. [F Ihe specimen way
preserved. the measorement of snout-urostyle length
wirs latee made with dial calipers (o 0.1 s
rounded (o (05 mm), Otherwise, o short plastic ruler
(15 em) was placed along the dorsal surface of the
living specimen held in a thin, clear plastic bag. and
the smout-urostyle length determined (o thie nearest
05 mm.

Avapstic analysis of reenndings

For acnnsiic analysis. lape recordings  were
repliyed on an open-reel tpe recorder (Revox B 77
MEIT or Sopy TC510-2). Advertisement calls were
analysed by using a digilal audjo-specteograph (Kay
Elerelrics Model DSP-5500 Sona-Graph), Where
there were high levels of low-lrequency noise, a
passive filter (Allison 2B. high puss, eot-off set al
512 Hz) was insened between the output of the tape
recorder and the input ol the audio-spectrograph.
Stanstical  procedures  were capried  out  with
SYSTAT, Version 5,03 (Systat Ine., Evanston).

Characteristics of equipment used i recording aned
analysis

Tape transport speeds (19 cm 1) of the recorders
involved in recording and playhick were periodically
cheched against a locally produced standard 1000
kllz calibration tape and a frequency counter (Heath
Schlumberger SM-T18A or Good Will GEC-8010G)
(Revox, Sany). or against the 50 Hz AC mains
Hequeney by w buili-in stroboscope (Nagra): ovecall
virriations in tape speed through recording and

playback arc estimated 1 be less than =0 5%. The
frequency responses ol all clectronie components,
used in recording and analysis are presumed 1o be
close o linear within the narrow range ol frequencies
ol interest (c. 2.0 - 5.0 kHz), based on manutacturers’
specifications. The relatvely high sampling rates
sed in the digital analyses (44 kHz) preelude the
production ol artifets from ahasing.

Strucnre and acoustic attritmiteys of calls

The calls ol the two species are of simple siruciure
and each consists of a group of discrete damped
oscillutions (Figs 3-5). For convenience. and
following previows usage, cach of these oseillations
is referred tooas o Cpulsel” and the group (ie. the
pulse train) as « call (Figs 3, 4). The number of
pulses g call was determined by direct inspection
of the displayed wavelorny. The depth ol amplitude
mudalanon of the last twoe pulses inoa call was
sometimes. less than 100%:; in such cases, separite
pulses were recognized 1l the depth ol modulation
exceeded aboul 75%. The duration (1o nearest ms) ol
a call was taken as the imerval from the peak of the
first pulse to the peak of the List pulse (= “peak-peak
duration™). The pulses i the advertisement calls arc
produced ma yuas-peniodic tashion, and the pulse
rale (a5 p ') was caleulated over a complele call as
(n - 1 pulses) x 1000/peak-peak duration 0 ms,
Dominant (requencies were measured as the peaks in
# power spectrum ol e whole call, To describe the
lemporal and  spectral properlies ol pulses in
advertisement calls, a tape recording of ane cull of
cach of three individuals of cach species (€. glanerti.
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Fig. 3. Wivelorms of advertisement calls. Upper, € ronia
elenierti- Reference R439-7, Sire |5 eftectuive tigmperature,
wet-bulh wir = LS C. Lower, O sienifean, Referénee
RAOK-2. Siie 62 eifective temperatures. wet-bulh we =
1120, winler= 125 C,
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Site 1; C. signifera, Site 6) was replayed into a digital
sound card (Sound Blaster SB16, Creative Labs
Milpitas), installed in a desktop computer (IBM-PC
compatible). The sampling rate was set at 44,100 Hz
and the sample size at 16 bits. Files were prepared in
the WAVE format with the Creative WaveStudio
Version 2.0 software (Creative Technology
Singapore), and further processed with this package
and with Spectra Plus Professional, Version 3.0
(Pioneer Hill Software Poulsbo). The figures of the
waveforms and spectra (Figs 3-5) were prepared by
the same procedure. One pulse (the middle pulse or
next after the midpoint of a call if an even number)
of each call was used for analysis.

Conventional rise and dccay times of pulses (from
10 - 90%, and 90-10%, respectively, of maximum
amplitude) were not calculated because it would
have been necessary to extrapolate between peaks of
the carrier frequency (see below). Accordingly, the
number of either positive or negative half cycles to
reach maximum amplitude was counted and the time
interval from background noise level to the peak

4

——

estimated. The pulse duration was measured as the
interval from approximately 10% of the maximum
amplitude (either positive or negative) at the start to
the same level at the end of a pulse. Two dominant
spectral peaks are present in most of the calls of both
species (Fig. 4). There is a well-defined sinusoidal
fundamental frequency within the wave train (Fig. 4)
and this is referred to as the carrier frequency (CF),
by analogy with amplitude modulation in
electronics.

Rates of production of advertisement call were
determined by playback of original recordings on a
Sony TC-510-2 recorder. For C. glauerti, the
durations of five consecutive cycles of calls and
intervals were measurcd, for C. signifera, 10 cycles
were measured. The following protocols were
employed to arrive at the sequences of calls selected
for measurement: C. glauerti - the first six clear calls
in the recorded sequence; C. signifera - the last 16
calls in the sequence were digitiscd, then the last five
discarded. The interval from the end of the first call
to the end of the sixth (C. glauerti) or tenth (C
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Fig. 4. Structure of pulses in advertisement calls. Upper panels. (a). Expanded waveform. (b). Frequency spectrum for
Crinia glauerti (Reference: R439-9, Site 1; effective temperature = 12.2° C). Lower panels. (c). Expanded waveform. (d).
Frequency spectrum for C. signifera (Reference: R408-5, Sile 6; effective temperatures, wet bulb air = 10.9° C, water =

12,7° O).
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Fig. 5. Waveforms of squelching calls of Crinia glauerti.
(a). R441-5, Site 5. effective temperature = 11.8° C. {b).
R441-1, Site 5, effective temperature = 13.1°C. (¢).
RA04-2, Site 2, effective temperature = 9.6° C. (d). R441-
4, Site 3, effective temperature = 13.1° C. (¢). R407-6,
Site 3, effective temperature = 11,1° C, {f). R404-3, Site
3, effective temperature = 9.8° C. (g). R407-7, Site 3,
effective temperature = 10.7° C.

signiferu) call was then measured to the nearest
millisecond.

Numbers of advertisement calls of individuals
analysed

The number of advertisement calls of each
individual to be analysed was determined as follows,
Both species produce advertisement calls in long and
regular sequences. In C. glauerti, production of the
longer advertisement calls is slow - about 20% of the
rate of C. signifera (see below). For C. glauerti, as
the first step, four clear calls of each individual (n =
10) from Site 1 were chosen at random from the
recorded sequence. If four clear calls could not be
obtained, that individual was discarded from the
analysis. For C. signifera, all individuals from Site 8
(n = 10) were used and data were obtained from three
successive calls: the 12th, 13th and ldth (or the
nearest clear call if there was an overlap) from the
start of a natural sequence, or after recording had
commenced. For each attribute of the call and for
each species, an analysis of vanance was carried out
with comparison between individuals. The variance
was partitioned and the proportion of the variation
due to within-individual effects and that due to
between-individual effects was calculated. For both
species and all variables, variation between
individuals was far greater than that within
individuals. For C. glauerti, the within-individual
variation accounted for 13-20% of the variation in
the data. For C. signifera, the within-individual
variation accounted for 24-25% of the variation.
Based on these results of the analyses of variance, it
was decided that for C. glauerti, the average of two
calls per individual would provide a representative
sample for that individual. As the calls of C. signifera
were slightly more variable, it was decided to use the
average of three calls for each individual. Mean
values for individuals are used in the subsequent
treatment of these data.

Effects of temperature

Linear regression analyses of the full data set for
advertisement calls (Table 2) indicated that for C
glauerti there was a significant (p < 0.05) relationship
between effective temperature and duration and
between effective temperature and pulse rate. The
linear regression analyses also indicated that there was
a significant relationship between dominant frequency
and effective temperature for advertisement calls of
each species. Accordingly, values of the dependent
variables were corrected to 11.0° C, the nearest integer
to the pooled mean for effective temperature (C,
glaunerti, mean = 11.1° C; C. signifera, mean = 10.8°
C); these values were used in subsequent calculations.
Where the slope for the combined samples for each
species was non-significant, the raw data were used in
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Tasil 2 Influence of effective temperatiere on four attributes of the advertisement calls of Crima slavers (0= 57 ) aned ©

signifer (n = 43)
(=

Results of analyses by linear regression. See Table 4 for ranges ot iemperatures.

Atribute of call Species Slope Significance ol Cocllicunl of
slope (pl determination ()

PDuranon . elanerti -0.070 <(.001 0,201

Csgniferu +0.4013 ). 240 .32
Number of pulses . slauwern 0151 0.516 1009

O sighifent +1.290 (141 1,050
Pulse rute O vlawert F1448 XA .24

. Nignifiera A9 (1.587 0,007
Lipper dominant frequency C elunert - 100 107 0L00N 0134

C osigmifera -136.5600 <001 ).249

(he subsequent ainlyses,
Qcenrrence af squelching calls of C. glaverti

The presence of syuelching valls was determined
suhjectively. by teplaying  the tape-recorded
sequences of cach individual. In this analysis, three
lypes of call were recognised: advertisement calls,
squelching calls, and fransitional cally - as il was not
possible 10 assign some W either category. The
squelehing calls of C. glawerti also consist of pulse
(rins (Fig. 5). Becuaose these calls are highly
variable in temporal strocture, and were produced
only during the recorded sequences of abour 50% of
the individudls, they are only bricfly described o
subjective way.

Results

Steucture of pulses in advertisement cally

The polses in calls ol both species are similar, cach
wilth @ sharp attack and a gradual (negative
exponentiul) decay (Fig. 4). Estimated durations are
dms for C glawerti and 47 ms for C. signifera. The
maximum amplitude s reached within three positive
o negative peaks of the carrier frequency. that is, in
about | my for both taxa, Exanination of the
expanded wave form ol each pulse indicated the
presence of a elear sinusoid (= fundamental/carricr)
witl a frequency that is close to the upper peak of the
spectrim (Table 3). Accondingly. vnly the npper peak
(= currier frequency) was used in subsequent
calenlanons. The frequency bapdwidth at 10 dB3

below the peak is about 1200 Tz for hoth species
(Fig. 4). The envelope of the pulse s amplitude
modulated to a depth of about 30-60% (based on the
first cycle) wath the envelope modulating frequency
(EMTF) within a range of 694 10 820 Hz for
wlageerti, ind of 505 (o 885 Hz lor O signifera (Fig.
4), These values are close Lo the difference between
the upper and lower peak of the spectrum for each
individual (Fig. 4. Tuble 3). It is suggested that the
lower peak that is present in the spectrum ol the
advernsement calls of some individuals of cach
species (Fig. 4) is a sideband of the carrier lrequency
(r.e. the upper dominant Irequency), The level of the
lower peak is about 4-9 dB below that ol the upper
puak (Tuble 3).

Structure of the udvertisement culls

Both species produce advertisement calls in long
and regular sequences. For C glawersi from Siwe 1,
cilly were produced at w mean rte of 26,5 calls mmn !
(range = 22.9 - 288 n = 9) al a mean clleclive
temperature of 12,1 C (ange = 11.4 - 12.8). For O
signifera Trom Site 8, the mean rate was 1247 cally
min' (range = ¥1,1 - 1870 n = [1) at o mean
effechive temperature of 1147 € (range = 11,2
11.7). Values for three primary attributes (duration,
number of pulses and carnier frequency) and the one
derived atibute (pulse rate) for five samples of ©
elanerti and [our saumples of C. siginfera. corrected
for the elfect of temperature where appropriate, ane

Lani b 3. Speciral characrenisnes of pulses in advertisement cally of Cringi slaverti apd €, signiferi.

All virlues are in He. See texi for explananon.

Species Individual  Carmer Envelope Lower Upper Dilflerrence Difference  Differcnes
frequency  modulanion spectral peak  spectrul peak  belween hetween CF hetween EMIE
(CF) frequency (LSP) (USP)  spectrad peahs and USP and DSP
(EME]) (DSP=1I5p
- LS
C. ghutert | 4065 820 3370 404H 678 17 (42
2 41R7 694 3472 4134 662 RE} iz
§ 4049 820 3266 RUE 782 | a8
O oviendfen | 2494 505 2050 2447 447 3 58
u 2632 671 2068 2670 Al k3 )
3 13 885 2454 s a9l 32 106
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Tan 4 Physical cliractevistics of advertisemem cedls of Crinia glaverti and C. signifesa, corrected 1o an effeciice tem-

peratuce of LA Cowhere appropriaie (see Table 24,

o eich cell, the mean and standard deviaion are given on the upper line, and range (o pareathesest on the lower line.

Spuctes Stie Sample Itlective Calt daration Number ot Pulse rate Currier
size wemperiture (O () putses ps) freguency (Hz)

. wlunerti 1 10 12.17.047 738, 87 9.70. 1.2 11,80, 1.4 4052, 229
(11.3-12.% 1573-817) 17.5- 115 (9.4 - 163 (3584 - 44309

2 4 10014, 0.64 7240153 V.83, 1.50 ) 2.66. .50 4279, 285
(W.2- 110 1552 - 98]) (8.0-12.0) (12,0 - 13,60 {3580 - 454

3 13 10.27, 1.03 TOS, 118 11.50. 1.88 1494, 1.80 H068, 2145
(7.7 11.5) (547 - 935) 9.0 - 15.5) (1S - 183 (3770 - 45330y

4 8 10.56, 0.57 526. 82 10106, 1.8 1691, 148 4031, 485
(9.6 - 11.4) (<438 - 653y (8.5 - 13.0 (14.2- 186y (3250 - 4570

5 11 12.27. 0,62 59K, 85 TS 2557 18.20, 2.90 4076, 292
(1L 13.1) {486 - 747) (RO- 1607 (151-23.3) (3640 - M50y

Combined 51 110,148 604, 130 1).57. 192 14.93. 3.00 H)UR, 302
sample (7.7-13.1) (438 - 9R2) (7.5- 164 (9.4-23.3) (3250 - 457(h

Covignifern 6 [l 1.5+ 0.54 272,77 6.28. 1.54 {965, 341 2790, 325
(10.4-12.3) (150 - 437) (4.0 - 10.3) (155 - 288 (2504 - 35068}

7 13 1).04, 0.78 161,70 331141 2905, 7.50 435 24
9.2-11.2) (O (4.0 - 94h (IS4 -43.8) (2002 287

» 10 1143018 IR, 55 4.87. (.04 22.50.4.53 2569, 87
(11.2-11.7) (101 - 237N (4.0 - 603 (17.5-297y (2471 -2710)

b 10 B, QL2 158, 20 437,048 22| syl I 2825, 169
(R.4-4.8) (125-192 t4.0-5.0) (18.2-24.1) (254 3103)

Combined 45 10.75, 1.02 195, 77 5.20. 1.34 2338015 2645.279
sample (RO -12.2) (91 - 437} 4.0 10.3) (153.5-43.8) (2092 - 3568)

1000 -

800 |
T
£ 600} ]
c
ks)
®
= O
3 400 |
=
(&)
= o
200 |
* =
0 ] { | [ ] | | ] ]
1 2 3 4 5 6 7 8 9

Site

Fig. 6. Box plots [ar durations of advertisement calls at recording sites. ol Crinie glanerti (hatehed hoxesy and C. signifera
{open boxes). Valoes are vorrected to 117 C where slopes are signilicant. The box indicites the interguartile range and the
included horizontat line is the median. The vertical lines outside 1he boxes (whiskers) comect o the List dita points within
+ 1.5 x the interquartile range (the fences). The asterisks indicate outliers (values lying between + 1.5 and 3.0 x the
interquartile rangey und the open circles indicate extreme outliers (vatues beyond 3 x the interquartile runge).
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Fig. 7. Box plots for numbers of pulses in advertisement calls at recording sites of Crinia glucerti and C. signifera. See Fig.

6 for explanation.
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Fig. 8. Box plots for pulse rates of advertisement calls at recording sites of Crinia glenerti and C. signifera. Values are
carrected to 117 C where slopes are significant. See Fig. 6 for explanation.
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presented in Table 4, Vatues Tor corbined samples ol

cach species are also presented inFuble 4. Box plots
ol these values at cach site are presented in Figs 6-9.,

Correlations of attribites of advestisesment colls with
body fengih
Calling males of €. glaeerti e smaller than those of ¢

stgaifera (Table 5), with mean snout-wostyle lenglhs ol

16,31 (range = 140 - 19.0; 1 =29),and 21.31 (range = 18.0
-25.0:n = 16) mm respectively (-test: p< 0.001). There
is no significint coreftion ol cartier frequency (comected

o 11.,0° C: Table 2) with snout-urostyle length when all
collecied specimens of Co glawerti are included (r = -
0297, p = 0118 0 = 20); but there is a signilicunt
negative correlation when only those specimens that were
measured following preservation are considered (r =
0440, p=0.032: n=24). For Csiguifera, however., there
is u highly significant negative correlation between catice
frequency and snout-urostyle length (v = -0.796: p >
0.001; 1 =16, all specimens were alive whe nieasared ).
A seattergram ol the corretation of snoni-urostyle lengtl
and carrier frequency is presented in Fag, 10.

5000
g'::" 4000
o *
: —
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=
o8
o
£ 3000 | I
Bl =

T
2000 |-
] i { ] { } { 1
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Fig. 9. Box plots for carrier lrequencies ol advertisement calls at recording sites of Crini ghverni and Csignifera. Values
are corrected o T Cwhere slopes are significant. See Fig, 0 dor explanation.

Tanir 5. Vadues (in nun) for snent-weospe dengthy of wales of Crini glaerti ond Cosignilera collected aficr thew

aelvertivement cadiy hedd becn recerded.

Specics Siw Sample size Mue:im Range Standard Condition of
deviatim specimen
C wlanerti | ¥ 17.2 16.5 - 19.0 (.80 preserved
2 6 146 140-15.5 .58 preserved
3 7 162 15.5-17.0 144 preserved
1 3 155 15.0- 160 0.50 preseryed
A S 17.6 17.0 - 18.0 (.55 tive
Tortal Y 16.31 4.0 - 1wt 1.25
C. staniferq 8 7 234 (LRS!0 1.17 tive
4 9 9.7 I18.0-21.0 .41 fise
Tl 16 2131 I8.0 - 25.0 231
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Geographical variation i advertiseinent calls of C.
vhiuert

Analysis ol variance, with Site as the grouping
factor, dudicated that there are no  significant
dillerences Jor number ol pulses {(p = 0.074) and
carmier [requeney (p = 0411). There are. however,
signilicant dilferences for the meéans (adjusted to 11°
C) ol duration (p < 0.001) and pulse rate (p < 0.001).
Acrass the distance of about 450 kim covered by the
five sites (Fig. 1), there s no consistent trend in
duration (Fig, 6, Table 4), although a muliple
comparison (Tukey testy indicated that the means for
Sites 1-3 ure significantly lower than those at Site 4,
and Site 1 also dillered from Site 5. There is o ¢line
of increusing values Tor pulse rates (Fig. 8, Table 4),
A Tukey test showed that the Tollowing meuns for
pulse rue differ sigotlicantiy: Site 1 Irom Sites 3. 4,
amd 52 Site 2 from Sites 4 and 52 and Site 3 from Site
s.

Geographical variction in advertisement calls of C.
signifera

Sites 7.8 and 9 ure within the continaous
distribution ol C. signiferre (see maps given by Brook
1983; Iyler 1983) and wre spuced at about 300 kin
intervils. Site 6 is 0 the isolate on Eyre Peninsula
and about 300 km from Sites 7 amd ¥ (Tig, 23,

5000

4500

T
L X
®
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4000

3500 |

3000
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®

l

2500

Analyses of variance. with Site as the grouping
factor, indicated that there were  signilicani
dillerences Tor all Tour attibutes ol the calls (p <
0.003), Multiple comparisons (Tukey test) revealed
the following sigmficant dilferences in means
between sites: call duration - Site 6 from Sites 7-9:
pulse number - Site 6 from Sites 8 and Y: dominant
frequency (adjusted to 117 Cy - Site 7 from Sites 6
and 9: pulse rute - Site 7 Irom Sites 6.8 and 9.

Comparison of advertisement calls of C. glanerti and
C. signilera

Results of analyses ol variance, with Species at the
grouping Tactor, indicated that the advertisement
calls ol the two species dillered signilicantly (2 <
0.001) in all Tour attributes. From a consideration of
the combined samples Tor each species (Table 9,
calls of C glanersi are much longer. witl imeusns ol
durations dillering by 3.4 times. and with no overlap
in ranges of varfation (Fig. 6, The mean value Tor
number of polses in advertisement calls ol C
glanerii ts twice that of C. siguifera but there is an
overlap ol ranges between 7.5 and 103 (Fig, 7. Table
4} For pulse rates, although the mean lor C. glanerti
iy only 64% of that lor C. signifera. the ranges
overlap extensively (Fig. 8. Table 4. particularly Tor
the closest smmples (Sites 5, 00, The mean Tor carrier

2000 :

12 14 16 18

Snout-urostyle length (mm)

Fip. 10, Seatterpram showing 1he comrefation between carrier frecuency aml snom-wrostyle Jength lor mules ot Crinier
elanert and C vignifera that were collected alier thewr calls had heen recorded.
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TARL b, Physical dlrracteristicy af seven squelehing calls of Crinin alawerti; from the same set of calls preseited i Figioe 5.

Indiyidual — Temperaiure  Duration Number ol Low pulse High piulse Overall pulse Carrier
tand Lape (=) (ms) pulses e (ps ') (ps') Tuté (p s frequency (He)
relerehee)
i, (R44H-5) 118 475 30 43z Rt R [03.2 3703
I (R4 11 13,1 |38 %) 3 | 7940 M0 3740
¢TRA03-2) Y0 524 it 46.7 125.0) (8.7 43492
do (R4 1-4) (3.1 564 il 364 137.2 53,7 4240
CRAO0T -y [ 475 2| Ly w23 A8 4220
[ (R4 3 N (A 25 4.2 Ga1.7 9.8 4263
o (R407-7) 10,7 ®i2 A 29,7 15,3 sl 4048
Meins 1131 5309 4.0 A7 X0 [15.20 5455 Jn6
Ringes D= 131 43K - 832 21 - 30 29.7 « 46,7 617 -205.4 27.0 - 103.2 373 4392

Flower than low pulse rae becatise of the four long bredks in the nein,

frequencies is higheran C. glauertl, by 1452 Hz, bul
with an overlup of Tanges between 3229 and 3565 Hy
(Fig. 9, Tuble ).

Structire of the squelching call of C) glaverti

These caulls are highly variable, as is mdicated by
the selection of wavetorms presented in Fig. 5. The
pulses are sometimes in groups within a eadl. and the
pulse rote can vary greatly through o call (Fie, ).
Vilues for four attabutes of the seven calls presented
in Fig. 5 we given in Table 6. The pulses are of
similar structure W those of the advertisement call
and there are wlso two peaks in the frequency specti,
aso o the advertisement call. For the seven calls
presented in Fig. 5, the Tollowing data apply (see
section  on o pulses of advertisement  calls Tor
methodology): duration - mean = 3.77 ms (range =
A= 5.0 ) carrier Irequency - mean = 3955 Hz (range
= 3481 - 4d27), upper hrequency peak- mean = 3976
(runge = 3703 - 4414); envelope modulating
frequency - meun = 877 Hz (n = 5: pange = 735 -
1062); lower dominant frequency peak- mean = 3260
Hz (n = 5 wnge = 3100 - 3464), The dillerence
hetween the means of peuaks o upper and lower
Frequencies of 716 Hz s consistent with the
explanation  advanced  for the pulses in (he
advertisement calls - of the lower sideband ol an
envelope modulating frequency. The pulses may be
grouped within a call (Fig. 5y and the pulse rates can
differ considerably between groups inone call (Tuble
0.

CGeagraphical varviation in frequency of ocewrrence
of the squelching call of ©, glauerti

Recorded sequences of calling by 25 of the 51
individuals included squelching calls. Because of
confusion from the calling by two or more close
individuals, only those of 21 could be reliably
assessed. classified and counted (Table 7). A
geographical trend iy evident, with the frequency ol
production of squelching calls by individuals being
higher in the southern and south-custern suiples

(Sites 4, 5, Table 8). No attempt was made 1o
determine the extent ol varulion in the squelching
cills ol individuads. nor over time for & population.

Strweture of the encownter calls of Coosignifera
Littlejoln el al. (1985). by playback  of
wdvertisement calls of € parvinsignifera und €
signifera at peak sound pressare levels (0 dfs re 200
il above ¢ 95 und 104 dB respeenively. evoked
encounter calls (= territorial calls sensw Hawe!
Littlejohn 1977) Irom eight males of C. sigrifera
Willowmavin 1 south central Victoria (377167 5,
144754" E), The encounter cull (Hig. 11 ig also i
pulse train, with w regolar pulse e (Hawe!,

Taw 7o Numbers of advertisemenr calls, intermedione
(fromsittenal) calls and sguelching calls, aid propariuons of'
the larter (of all calls of that indiviehwdd), produced by 21
madey of Cringe glavert,

Note that becinise of overlap with neighbours calls of 4+
individuals could nat be analysed.

Site Individual Nun;]k‘r Nuniher INumber — Proportion
0 1l 8l 1

advertisement mtermediote squelching  squelehing
ills cills cllly calls
| | Al 1} 3 (000
2 Ji )2 ) 7 {).33
2 2 9 | il (152
3 il | ¥ 4 4 0,15
3 j 27 § 3 0.7
3 i X | q 0.1
} 7 | 4 I 1,41
il O (B 1] 7 35
4 b 14 3 | (.20
1 2 1) 1 4 (1,32
3 la I & 12 (138
) Zu I 3 4 021
] X 15 [ 4 01h
3 il 24 {1 | (LT
3 i 4 0 fy 4
3 0 i i I3 13,60)
5 [h I 3 ] 027
3 b Y 3 1 (65
) ih 13 | b 033
5 4h 10 (s I (.33
5 3h 1t L] 13 b4
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T & Nebees ind prapaetons of maley of Crinia glaveet prodicing squelehing calls ar eaclr yite,

St Number of niales Number of males Praportion ol miiles
assessed producing squelching culls produeing squelehing calls
| 10 J (1200
2 I 1 (0273
3 1z S 0417
4 b . (.50}
5 I I 100

Littlejohn 1977y A wavelorm of an encounter call
from Site 3 1s presented im Fig, 11 Values for means
and ranges front the original data for advertisement
calls and evoked encounter calls of the same five
mndividuals discussed by Littlejohi er al, (1985) are
presented in Table 9,

u 100 200 300 400 500
millizaconds

e LE Wavetorm ol an encounter call of € signifera
(Reference: RAONY, Site O elfechive temperatures. wel-
bulb ayr 1137 CLowiner 12.5° €),

TAsLE 9 Compartyen of atvibures of advertisemenr calls
el eneoninrer colls of Cranta sigmideen from Wiltovwanenin,
Vaaetawne (Jeant data of Littefolm et al. 1983),

Means und rnges (i parentheses) ale given (n = 3). Data
are not corrected Tor possthle effects ol wmperale.
Efeetive tlemperatures smged from 10.7-13.27 € (mean =
12,04),

Attribue Adyertisement call Encaunter call
Duration tins) LR 192
(56-1008) (1 79-214)
Pulses/nole 4.2 17.8
(4-5) 1 16-19)
Pulse rade 4.6 Eh Al
(ps') (3 R-53.7) (74.2-100.1)
Upper dominant 3390 3217

frequency (H2) (3125-3042) 12K25. 3024

Praductiom of encownter culls by mates of C
signifirn

o a subjective evaliation during playback of the
lape recordings o C. yigrifera, invalving 53
individuads and some 3327 advertisement calls. three
mteractions, presumed o involve  production of
encounter calls. were noted. Otherwise. the recorded
sequences of 47 andividuals consisted only of
advertisement calls,

Connpaariyon of squelcling call of C. glavertn and
rerritarial call of C. signifera

The variahle squelching call of €, glawerti (Fig. 3,
Table 6) is longer, contains more pulses, is of highet
average pulse rute, andd of higher dommant frequency
(han the tereitorial call ol C. signifera (Fig |1, Table
9. Fven so, they are hoth pulse trains which are ol
similae carrier frequency but of fonger duration.
contain more pulses, and are of higher pulse rate than
their respective advertsement calls (Fig. 3, Tuble 4),

Discussion

Structure of the advertisement calls of hath species

The advertisement calls ol hoth species e of
stk stracture, ciach consisting of 4 quasi-periodic
pulse train. The pulses are short damped oscillations,
cach with a sharp attuch and an exponential decay.
There are more pulses inthe calls of €. glawerti, und
these are produced ot lower repetition pate. The
frequency spectra are of sintilar shape. with mosl
individuals having twio peaks. the upper being
attributed o the fundamental (= carrier freguency ).
while the lower 15 presumed 10 he produced s the
side hind of the envelope modulating frequency. The
carrier freguency is higher in C glawwrti, and this
muy be correlated with the soaller size of mules ol
this species - o usoal characteristic of the calls of
anurans (e.g. Robertson 1986). There i= a trend ol
meredsing pulse rite from north 1o south=cast i the
sumples of O glawern and the duratons are lower i
the samples front Sites 4 aid 5. Values for samples of
the other two atlributes display no obvious pattern,

Advertisement  calls from Site 6 in the
geographical asolate ol €. yignifera on lower Lyre
Peninsula are Tonger and contmn more pulses than
those 10 (he east in the mam distribution of €,
vignifera. Thus the westerpmost saple of ¢
Nighifera (from Site 6) is more simlar (o those of €
elawerti than are the others, The populations ol
sienifera on Eyre Peninsula have probably  been
separated from the main distribution sinee the sea
rose Lo ity present fevel av the close of the last glacial
pertad of the Pleistocene Epoch (from ¢ 12000 to ¢
6.000 yeurs agor see Littlejohn er al, 1993 for o
summiary and references) and this isolation may huve
contributed 10 the divergence,
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Odendaal e ol (1986) recorded a sumple of
advertisemient calls of € vignifera Trom the same
tocadion o Yellowman Creek (ther Recordimg Site
Mo 5z our Sile Ney 7y and over a comparable range
ol effective (wiler) remperatures (18- 12,25 C
92 - 112 O - this study). For all four atinbules,
henvever, their values dre tigher thar those oained
i Lhe present study. The dse of other protocals and
anadvnical techniques miay account for some ol the
differences. but ar this stage. no explanidion can he
otfered,

Frogueney of coaeonater cally in C. glaueyn

More-fecetit observalions by Littlejohn (unpub.)
mdieared that C. Glauert vecurs in svpiopy with ¢
subipsignifera (Litlejoln) near the caswrn Timit ol
ity distribution (e Sie 50 Fige 1) Crnda
wehrsienifeea hus an advertisement call that sounds
ke u “long low-pitehed squelch™ (Liltlegohn 1957,
1039) For two  temporal  atinbutes ol the
advertisemient enlls of 37 andividuals ol
Sibinsianifera, conected tooan etlective wemperalure
ul TP the mean duration s 5340 ms frange = 420
000 and the mean pulse rare s 174 (range = 129 -
ZLOY (T indejohn 19617 AS These ranges overlup those
ol the syuelching call of ¢ glawert (Table 61,
explunations ather (han repraduetive chargeler
displacement must vow be sought for the higher
frequencies ol veemrence of syuelehing calls i the
southe and south=cast bt none can be provided a1
present. Clearly, there is a need for further
investizations, including playvhack experiments with
advertisement einlls and squelehing calls ay stimuli
wnder contelled conditions. Such studies should e
preceded by dhe docamentation of fiequenty ol
vecorrence ol squelching  ealis i natural
assembluees. and e context in which they are
prodiced. The mensurement of the sound pressure
levels of calls of conspecific: neighbours s also
required o That the appropriate stimuli can he
applicd (Linlejohn eral. 1985). By varying the leyels
ol stimulation, thresholds could then be determined
and peographical patterns may he revealed.

Relutionships of C. glaveri

From (he presented dati, it appears thit the neares!
populations al" Co lauerfi aod C yfgnifera (Sjes 5.
) have the most similarly strocliured advertisement
calls, The muin difference hetween the cally ol e
two specics 15 i canier frequency which may be
peceninted Tor by the difference in sizes of the twe
v (Table 5. Fig, 10y, The similwities in call
strdetipfe dre copsistent with the postulated  close
relationship of the tWo thixa sugeested by Vi
(19571 and  subseyguently  supported by the
mulivariate numericad analyses of morphelogy e
features of e history carried oul by Blike (19730

and Thompson CIO81) Although consistent m
showing o close wssociation  between  them.
molecular studies do oot help i resolving the
relitionships of € lanwrte and O signijern. The
glbumin wmuanologes! walysis of Dangherty and
Mason (1982} places € signifera closest e €
piparia (15 10 upits), followed by Coelauerrt and €
pecrinsignifera (both 24 1D units) and C. georgiung
(20 1D units). The claudiste analysis of allozymes
carried olt by Barendse (1984 oflers several
interpretstions and appears incondlosive dhout the
refauonships: in one scenarn Co glagerti and C
wignifera are prouped with € georgiunag. Burendse
(1984) did not aelade €0 sparia in his study
Ruherts & Watson ( 19973) have réviewed the recen!
liwrature on relationships witlin some gioups of
Austrim frogs.

Three ol the species of Crin desenbed since the
worke of Main (1937) - £ hilingret Martim. Tyler &
Divies (Murtin ef al. 1980). € mmota Tyler &
Parker (Tyler & Parker 1974) and O riparia
Littejohn & Murtin (Littlejohn & Martin 1965) -
have clearly pulsadile adyertseownr calls. Tyler &
Parker (1974 noted  the  similarity of  the
advertisernent culls of € remiote and €. efaicern. bu
they did not provide information sbout the recording
termperatuees. As the recording of the cll of €
remota Wwas obtyined at Morehead, Papua New
Guinea in Junuary, the ambient  temperitires
presomably were mouch higher than those applyang 1o
récordings analysed i the present study. Hence, w
divect comparison cannot be made wirh the calls of
C. glanperti oblaimed at temperiares oF 130 C unil
lower. Blake (1973) noted thal Crina ripuria lacks
Lympanam and columel b and placed the txon mioa
different species gronp along with € fas e nsis
(Gunthier), Becatse ol the dack ol a distmet
tympanum 1o Cpemete Clyler & Parker 1974001 1%
suggested tha there may not be s close refatonship
between this species und €, glanern

As the nanie indicates, the advertserment vl ol €
hilinguee 1% stronaly biphasic (NMartin er ol 19801 In
this species, males commence o catling sequence
with short cally (<545 ms) of high pulse rte =76 p 5.
and then gradually chamge over o Tong calls (=380
ms) ol low pulse raie (< 34 p &) Again, (he high
recording temperatures twet-bulb wiv = 234 - 26.6°
C)omean thut 1t s not possible w make @ proper
comparisan with the advertisement call of ¢
alunerti. Even so, the andiospectrogrinm of the shon
cull appears (0 he similae to same of the variations m
the squelching calls of O plawert. Martin er wl
(1980 considered the functional sisnilicance of the
two disuoct culls of € hiliggaa and rosed e
possibiliy that the shan calls of higher pulse rafe are
miting calls, und thit the tong calls of fower pulse
rile are territorial calls, the converse of the situalion
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for pulse pate i €0 sigadfera: The lang eall ol €.
hilingun comtiins ahout twice as amany pulses (=27)

as o the advertsement call of & elaperti (<16, I

allowance js made for the diflerence m lemperalure
(hy wsing o Q, 0l 20 the pulse rate of C dilingna w
11 C would he abour 20 pes amd could sverlap the
pulse rates methe adverisement calls of € elauerii.
Crinfar bilinge possesses a tympanum hul possible
Close allinitics with € @lanerti were nofl considered
Iy Martin e af (1980).
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